INTRODUCTION
============

Oxidative stress can be defined as an increase in oxidative parameters or a decline in antioxidant defense mechanisms.[@b1-cpn-16-088] Malondialdehyde (MDA) is the end product of lipid peroxidation that represents oxidation. Superoxide dismutase (SOD) and catalase (CAT) are antioxidant enzymes. They are responsible for eliminating free radicals like superoxide and hydrogen peroxide, and they stand for antioxidant defense mechanisms.[@b2-cpn-16-088]

Generalized anxiety disorder (GAD) is a common anxiety disorder with a prevalence of 5%. Women tend to have GAD two times more often than men. Furthermore, other psychiatric disorders accompany GAD.[@b3-cpn-16-088] In spite of growing research focusing on the neurobiological, social, and psychological bases of GAD, its etiology is still unclear.[@b4-cpn-16-088] On the other hand, anxiety disorders impose a high burden on individuals' lives, and significant efforts are being made to find a biological marker in terms of prognosis and diagnosis. In the context of biological markers, peripheral blood tissue is a good candidate because of being easily accessible and feasible to investigate.[@b5-cpn-16-088]

Until now, there has been considerable literature on biomarker research in psychiatry practice. Genetic, electrophysiological, inflammatory, and oxidative-antioxidant markers have been investigated to detect biomarkers.[@b3-cpn-16-088],[@b6-cpn-16-088]--[@b10-cpn-16-088] Despite oxidative stress and antioxidant enzyme levels being easy to study in peripheral tissues, very little is known about their diagnostic value in GAD. Currently, only one study exists in this regard. Bulut *et al*.[@b1-cpn-16-088] investigated the diagnostic performance of paraoxonase activity in GAD. Furthermore, MDA, SOD, and CAT activity and their diagnostic values have been investigated in major depression patients.[@b11-cpn-16-088] Prolidase activity was investigated in two studies to evaluate its diagnostic value in bipolar disorder and schizophrenia.[@b12-cpn-16-088],[@b13-cpn-16-088] Selek *et al*.[@b14-cpn-16-088] also studied the diagnostic performance of myeloperoxidase and CAT in bipolar disorder.

In a rat model, vitamin A was found to be anxiogenic due to its effects on the rat hippocampus.[@b15-cpn-16-088] Desrumaux *et al*.[@b16-cpn-16-088] showed that a deficiency of phospholipid transfer protein decreased vitamin E levels and resulted in anxiety. Overexpression of glyoxalase-1 and glutathione reductase 1 is another anxiety-related finding in rats.[@b17-cpn-16-088] Although mounting data exist for oxidative stress in animal models of anxiety disorders, generation of these data to humans is still vague. In spite of being widely investigated in major depression and schizophrenia, few studies examined the role of oxidative stress in anxiety disorders.[@b18-cpn-16-088],[@b19-cpn-16-088] MDA, SOD, and CAT levels have been a topic of interest in social phobia, obsessive compulsive disorder, and panic disorder.[@b2-cpn-16-088],[@b20-cpn-16-088]--[@b22-cpn-16-088]

As far as we know, poor data exist about the oxidative stress in anxiety disorders. Our current knowledge depends on a handful of studies reported by the same group. In our study, we aimed to investigate MDA in terms of oxidative stress and SOD and CAT regarding antioxidant enzymes. Furthermore, to the best of our knowledge, this is the first study investigating SOD and CAT levels and evaluating the diagnostic values of MDA, SOD, and CAT levels in GAD.

METHODS
=======

Participants
------------

Blood samples were collected from 46 patients and 45 healthy controls that were admitted to Department of Psychiatry in Kahramanmaraş University Teaching Hospital (Kahramanmaraş, Turkey). The Kahramanmaraş University Ethical Committee approved our research (No. 138; October 2015). Written informed consent was obtained from patients and healthy controls that participated in the study. Drug-naïve, smoke-free, alcohol-free patients who met diagnostic criteria for GAD according to the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders 4th edition and had no comorbid psychiatric disorders were included. The Hamilton Anxiety Rating Scale (HAM-A) applied to all of the study participants. The control group also consisted of individuals without chronic medical or psychiatric conditions whose HAM-A scores were under 5. Both patients and controls were evaluated in terms of infection, allergic reaction, medical comorbidity, malnutrition, drug abuse, and antioxidant medication. Those who had one of these conditions were excluded from the study. The ages and genders of the groups were matched. We used strict exclusion criteria to obtain homogenous groups.

CAT Activity
------------

CAT activities were determined by measuring the decrease in hydrogen peroxide concentration at 230 nm by the method of Beutler.[@b23-cpn-16-088] The assay medium consisted of 1 mol/L Tris HCl-5 mmol/L disodium ethylenediamine tetraacetic acid (EDTA) buffer solution (pH 8.0), 1.0 mol/L phosphate buffer solution (pH 7.0), and 10 mmol/L H~2~O~2~. CAT activity was expressed as U/mg protein.

SOD Activity
------------

SOD activity was measured according to the method described by Fridovich.[@b24-cpn-16-088] This method employs xanthine and xanthine oxidase to generate superoxide radicals that react with p-iodonitrotetrazolium violet (INT) to form a red formazan dye that was measured at 505 nm. The assay medium consisted of the 0.01 mol/L phosphate buffer, a 3-cyclohexilamino-1-propanesulfonic acid (CAPS) buffer solution (50 mmol/L CAPS, 0.94 mmol/L EDTA, saturated NaOH) of pH 10.2, solution of substrate (0.05 mmol/L xanthine, 0.025 mmol/L INT), and 80 U/L xanthine oxidase. SOD activity was expressed as U/mg protein.

Measurement of Lipid Peroxidation
---------------------------------

The lipid peroxidation level in samples was expressed as MDA. It was measured according to the procedure of Ohkawa *et al*.[@b25-cpn-16-088] The reaction mixture contained 0.1 ml of the sample, 0.2 ml of 8.1% sodium dodecylsulfate, 1.5 ml of 20% acetic acid, and 1.5 ml of 0.8% aqueous solution of thiobarbituric acid. The mixture pH was adjusted to 3.5 and the volume was finally made up to 4.0 ml with distilled water, and 5.0 ml of the mixture of n-butanol and pyridine (15:1, v/v) were added. The mixture was shaken vigorously. After centrifugation at 3,220 *g* for 10 minutes, the absorbance of the organic layer was measured at 532 nm. MDA level was expressed as nmol/mg protein.

Statistical Analysis
--------------------

Statistical analysis was performed using the Statistical Package for Social Sciences, ver. 11.5 (SPSS Inc., Chicago, IL, USA) and MedCalc^®^ ver. 11.0.1 (MedCalc Software bvba, Ostend, Belgium). A *p* value of less than 0.05 was considered statistically significant. The normality of continuous variables was assessed using Shapiro-Wilk's W-test.

Relationships between the categorical variables were evaluated using the chi-square test. To compare of mean differences for normally distributed continuous variables between the two groups, a Student's *t* test was used. The Mann-Whitney *U* test was used to compare the two groups when the assumption of normality was not fulfilled. While investigating associations of data, correlation coefficients and their significance were calculated with Spearman's test (for non-normally distributed variables) and Pearson's test (for normally distributed variables). A receiver operator characteristics (ROC) curve was plotted in order to find the cut-off point.

RESULTS
=======

There were no differences between patients and controls in terms of age (34.7±8.61, 34.06±10.6, *p*=0.749, respectively) and sex (*p*=0.468). HAM-A scores were significantly higher in patients than controls (medians were 13 and 2 respectively, *p*\<0.001). The average episode duration was 30.6 weeks for patients ([Table 1](#t1-cpn-16-088){ref-type="table"}).

MDA levels were significantly higher in patients than healthy controls (medians were 4.05 nmol/mg and 1.71 nmol/mg respectively, *p*\<0.001). The highest and lowest bounds for MDA in GAD patients were 5.62 nmol/mg and 2.77 nmol/mg, respectively. The highest and lowest bounds for MDA in the control group were 2.47 nmol/mg and 1.10 nmol/mg, respectively ([Fig. 1](#f1-cpn-16-088){ref-type="fig"}). CAT levels were significantly lower in patients than in controls (medians were 138.47 U/mg and 160.60 U/mg respectively, *p*=0.042). SOD levels were significantly lower in patients than in controls (medians were 159.07 U/mg and 301.87 U/mg, *p*\<0.001, respectively) ([Table 2](#t2-cpn-16-088){ref-type="table"}). The highest and lowest bounds for SOD in GAD patients were 178.35 U/mg and 116.19 U/mg, respectively. The highest and lowest bounds for SOD in the control group were 329.88 U/mg and 213.53 U/mg, respectively ([Fig. 2](#f2-cpn-16-088){ref-type="fig"}).

While analyzing correlations, we found significant and high correlations between HAM-A scores and SOD levels (r=0.723, *p*\<0.001), HAM-A scores, and MDA levels (r=0.715, *p*\<0.001), and a significant but low correlation between HAM-A scores and CAT levels (r=0.255, *p*=0.015).

A ROC curve was plotted for MDA, SOD and CAT levels. Areas under the curve were 1.000 for MDA (*p* \<0.001), 1.000 for SOD (*p*\<0.001), and 0.648 for CAT (*p*=0.042). These findings indicate that MDA and SOD levels are diagnostic. The cut-off point was 178.35 U/mg for SOD, and all of the patient group SOD levels were under the cut-off point. For MDA, the cut-off point was 2.77 nmol/mg, and all of the patient group MDA levels were above the cut-off point. The sensitivity and specificity of MDA and SOD were 100%. The positive predictive value (PPV) and negative predictive value (NPV) were also 100% ([Figs. 3](#f3-cpn-16-088){ref-type="fig"}, [4](#f4-cpn-16-088){ref-type="fig"}).

DISCUSSION
==========

Significant findings of our study are as follows; increased MDA and decreased SOD and CAT levels in GAD patients. MDA represents increased oxidation in GAD, and decreased SOD and CAT levels point out diminished antioxidant mechanisms. Decreased SOD and increased MDA levels were diagnostic for GAD. PPV and NPV were 100%. Sensitivity and specificity were also 100% for MDA and SOD. A high correlation was observed between HAM-A scores and MDA and SOD.

MDA levels have been investigated in obsessive compulsive disorder (OCD), social phobia (SP), and post-traumatic stress disorder (PTSD). Almost all of the studies reported increased MDA levels in patients except for PTSD.[@b2-cpn-16-088],[@b20-cpn-16-088]--[@b22-cpn-16-088],[@b26-cpn-16-088],[@b27-cpn-16-088] Tezcan *et al*.[@b20-cpn-16-088] reported that the MDA levels of PTSD patients and healthy controls were similar. Although our study is the first study investigating MDA levels in GAD patients, based on previous knowledge, we interpret that MDA increase is a common finding in anxiety disorders. This conjecture helps us to understand the neurobiology of anxiety, taking into account that brain tissue contains high amounts of lipids, which is a substrate for peroxidation; increased oxidation thus makes the brain vulnerable to oxidation.[@b28-cpn-16-088]

SOD is the enzyme that catalyzes the conversion of superoxide anion radicals (O2•−) to hydrogen peroxide and molecular oxygen, functioning as a controller of cellular reactive oxygen species levels.[@b29-cpn-16-088] Past reports denote increased SOD levels in patients with OCD and SP; however, we found that SOD levels were significantly decreased in GAD patients.[@b21-cpn-16-088],[@b27-cpn-16-088] We propose two possible explanations for this situation. First, decreased SOD levels could be a trait of GAD, but not OCD or SP. Second, increased SOD activity is neither a consistent finding nor a marker for anxiety disorders. As supporting our second hypothesis, inconsistent SOD levels have been reported in patients with different stages of major depression.[@b11-cpn-16-088],[@b30-cpn-16-088]--[@b32-cpn-16-088] As mentioned above, because of this inconsistency, we do not think that SOD level is a reliable marker in anxiety disorders. However, further studies should include larger patient groups from different anxiety disorders and more homogenous groups to detect whether SOD activity could be a biomarker. Additionally, decreased SOD activity is more likely to be associated with anxiety by causing vulnerability to oxidative stress.

CAT is a crucial enzyme for antioxidant mechanisms and decomposes hydrogen peroxide into water and oxygen.[@b33-cpn-16-088] Among anxiety disorders, CAT is reported to be increased in OCD and SP, but unchanged in PTSD.[@b20-cpn-16-088],[@b22-cpn-16-088],[@b27-cpn-16-088] However we found that CAT is decreased in GAD. Although increased MDA levels seem to be consistent among all anxiety disorders, this consistency is missing for SOD and CAT activity. In addition, this inconsistency is probably due to only one group's reported studies. This field of research needs reports from diverse groups and laboratories. Although our results are different from previous reports, we believe that the hypothesis that antioxidant mechanisms are diminished in anxiety disorders is more appropriate, as revealed by our results. While there are numerous factors related to anxiety, oxidative stress itself takes an important part separately.

High correlation values constitute an important part of our findings. The correlation coefficient is shown with the 'r' symbol. An r value ≤0.35 represents low or weak correlation, between 0.36 and 0.67 shows moderate correlation, 0.68 to 0.90 shows high correlation, and 0.90 to 1.0 shows very high correlation.[@b34-cpn-16-088] The r values in our study, 0.715 (between MDA and HAM-A score) and 0.723 (between SOD and HAM-A score), are the highest values reported thus far. Correlations between anxiety disorders and anxiety scales have been presented before. Atmaca *et al*.[@b21-cpn-16-088] denoted a significant correlation between Liebowitz Social Anxiety Scale and SOD or CAT levels (r=0.55 and r=0.61, respectively). Despite not reporting an r value, Kuloglu *et al*.[@b27-cpn-16-088] found a significant correlation between depression scores and MDA or SOD levels. In PTSD, a significant correlation was found between Clinician Administered PTSD Scale and SOD levels (r=0.55) or MDA levels (r=0.41), and a significant correlation was reported between the duration of PTSD and SOD levels (r=0.52) and MDA levels (r=0.32).[@b20-cpn-16-088] A review of previous data denotes important correlations between SOD, CAT, and MDA levels and disease status. We believe that a high correlation coefficient forms a basis for the detection of biomarkers. Further studies should investigate different anxiety disorders in terms of correlations between oxidants, antioxidants, and disease severity.

To the best of our knowledge, our study is the first study investigating the diagnostic value of antioxidants and oxidative parameters with a ROC curve in GAD. In ROC curve analysis, diagnostic accuracy is measured according to the area under the curve (AUC). The accuracy of the ROC-AUC test is as follows: 0.9 to 1, excellent; 0.8 to 0.9, good; 0.7 to 0.8, fair; 0.6 to 0.7, poor; and \<0.6, not useful.[@b35-cpn-16-088] The AUCs for MDA, SOD, and CAT were 1.0, 1.0, and 0.648, respectively. MDA and SOD levels represent excellent diagnostic value according to our results. As far as we know, there are few studies evaluating the diagnostic potential of oxidant-antioxidants. Bulut *et al*.[@b1-cpn-16-088] reported paraoxonase to be a diagnostic marker for GAD (AUC, 0.980). In addition, Güneş *et al*.[@b12-cpn-16-088] found very high diagnostic performance for prolidase in schizophrenia patients using antipsychotic treatment (AUC, 1.0). Selek *et al*.[@b13-cpn-16-088] pointed out a high diagnostic value for prolidase; AUC, 0.989. They also propounded a diagnostic value of CAT for bipolar disorder (AUC, 0.989).[@b14-cpn-16-088] Sensitivity, specificity, and NPV and PPV values were 100% for MDA and SOD levels. Although our results show excellent diagnostic value, we do not interpret these data as a discovery of a new biomarker. We consider that MDA levels may have a great potential to be a biomarker for anxiety disorders. As we explained above, an increase of MDA is common and consistent in anxiety disorders. Besides, there is a correlation between MDA levels and disease status, as shown in several studies as well as ours. Despite finding a high diagnostic value for SOD, we think that SOD is not a reliable marker for anxiety disorders. By this time, increased, decreased, and unchanged SOD levels have been reported in anxiety disorders. Because of the incoherent results, the diagnostic value of SOD should be taken into account carefully.

There are some limitations of our study. First, we did not collect blood samples after treatment to investigate the effects of antidepressant treatment on diagnostic performance because of the study's cross-sectional design. The sample size was relatively small, and future studies should be performed in larger samples. On the other hand, the homogeneity of groups is the main strength of our research.

In conclusion, we found that MDA levels were significantly increased and SOD and CAT levels were significantly decreased in GAD patients. Furthermore, we found high diagnostic values for MDA and SOD levels, but we think that MDA levels are more reliable in terms of being a biomarker. These findings should be considered preliminary and needing verification by further studies. Our results should also be considered preliminary and needing confirmation by future studies.
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###### 

Clinical characteristics of patients

  Variable                   GAD (n=46)   Control (n=45)   *p* value
  -------------------------- ------------ ---------------- -----------
  Gender (male/female)       17/29        21/24            0.468
  Age (yr)                   34.7±8.61    34.06±10.6       0.749
  HAM-A                      13.76±2.02   2.93±2.03        \<0.001
  Duration of episode (wk)   30.6±4.2                      

Values are presented as number only or mean±standard deviation.

There were no difference between patients an controls in terms of age and sex. HAM-A scores were significantly higher in patients than controls. Average duration of episode was 30.6 weeks for patients. GAD, generalized anxiety disorder; HAM-A, Hamilton Anxiety Rating Scale.

###### 

Malondialdehyde (MDA), catalase (CAT), and superoxide dismutase (SOD) levels

                  GAD (n=46)     Control (n=45)   Z value   *p* value
  --------------- -------------- ---------------- --------- -----------
  MDA (nmol/mg)   4.14±0.73      1.71±0.41        −8.218    \<0.001
  CAT (U/mg)      143.43±27.37   155.49±25.13     −2.033    0.042
  SOD (U/mg)      157.06±16.32   296.91±22.77     −8.218    \<0.001

Values are presented as mean±standard deviation.

MDA was significantly increased in patients than controls, *p*\<0.001. SOD and CAT activity was significantly decreased in patients than controls, *p*\<0.001 and 0.042 respectively.

GAD, generalized anxiety disorder.
